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Background: Psychological distress is frequently used as an indicator of the mental health of a population. Overall,
the mean level of distress is higher in women than in men and tends to decrease in both genders during
adulthood. This pattern is primarily attributable to the differential exposure of women and men to specific risk
factors over their lifetimes. However, the age distribution for distress may be confounded by a cohort effect. This
study aimed to compare the age and birth cohort distribution of psychological distress by gender.
Methods: This study was based on data from the National Population Health Survey, a longitudinal population
survey conducted in Canada from 1994–1995 to 2010–2011. Growth curve analyses were performed separately in
women (n = 9062) and in men (n = 7877) to examine the distribution of psychological distress by age group and
birth cohort in Canadians aged 18 years and older.
Results: The mean level of psychological distress is higher in women than in men in all age groups and all birth
cohorts, and in the 18-29 age group than in older adults. Minor gender differences are found in the distribution of
distress when age and birth cohort are examined jointly. In women, the mean level of distress decreases steadily
beginning at age 18, reaches its lowest point in the 60-69 age group and rises thereafter without ever reaching the
level observed in young adults. In men, it remains stable in the twenties and then follows a pattern similar to that
observed in women. This age pattern is more apparent in more recent than in earlier cohorts and is related to
variations in employment status, marital status and education during adulthood.
Conclusions: Young adults and, to a lesser degree, seniors are at higher risk for psychological distress than other
adults. To better understand the epidemiology of psychological distress, future research should focus on the risk
factors that are more prevalent in these age groups. A starting point would be to evaluate how employment status,
marital status and educational level change during adulthood and have changed over time in women and in men.
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Psychological distress is a state of emotional suffering
characterized by moderate to severe depressive and anx-
iety symptoms (Drapeau et al. 2011; Mirowsky and Ross
2002). It is a marker of the severity of symptoms for
major depression and anxiety disorders and a diagnostic
criterion for post-traumatic stress disorder (Knapp et al.
2007). Because of its association with certain psychiatric* Correspondence: aline.drapeau@umontreal.ca
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unless otherwise stated.disorders (Knapp et al. 2007; Organisation mondiale de
la santé 2006; Phillips 2009) and with the use of mental
health services (Gudmundsdottir and Vilhjalmsson 2010;
Koopmans et al. 2005; Lin et al. 2012; Svensson et al.
2009), psychological distress is used as an indicator of
population mental health by public health institutions
worldwide (Delorme et al. 2005; Herman et al. 2005). In
adults, the annual prevalence of psychological distress
ranges from 10% in Australia (Chittleborough et al. 2011)
to 21% in Canada (Caron and Liu 2011) and 27% in Japan
(Sakurai et al. 2010), Great Britain (Benzeval and Judge
2001) and Belgium (Levecque et al. 2009). The prevalencel Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,
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course beginning in early adulthood (Caron and Liu 2011;
Gispert et al. 2003; Jorm et al. 2005; Langlois and Garner
2013; Phongsavan et al. 2006; Walters et al. 2002).
Though the negative association between age and psy-
chological distress has been repeatedly observed, the shape
of the curve describing the age distribution of distress
remains ambiguous. For instance, Schieman et al. (2001)
and Turcotte and Schellenberg (2007) have shown
that the mean levels of distress were higher in young
Americans and Canadians than in older adults. Levels
then decreased with age, reaching a minimum between
ages 60 and 69 (Schieman et al. 2001) or 65 and 74
(Turcotte and Schellenberg 2007) before increasing in
those older than 74. A U-shaped distribution was also
noted by Sacker and Wiggins (2002) despite the fact that
the British sample under study was much younger, ran-
ging from 23 to 42 years of age. In addition, Jorm et al.
(2005) have provided some evidence that the age distribu-
tion of psychological distress may vary by gender. This
study, based on Australians in three specific age groups
(20–24, 40–44 and 60–64), found that the mean level of
distress among men was similar in the first two age groups
and lower in the oldest group, whereas it diminished at a
constant rate between ages 20 and 64 among women.
The age distribution for depression and anxiety symp-
toms could shed some light on the age distribution for
psychological distress, given the strong relationship be-
tween the former and the latter. Unfortunately, data on
the distribution of anxiety symptoms by age are lacking
for the general population. Findings regarding the age dis-
tribution for depression symptoms, moreover, are conflict-
ing. Most studies support a U-shaped distribution for
depression symptoms, but the age cohort at which symp-
toms reach their lowest levels remains unclear. The mean
level of depressive symptoms tends to be higher among
young adults, then diminishes until the forties (Mirowsky
and Kim 2007), mid-fifties (Kessler et al. 1992) or sixties
(Schieman et al. 2001) before again increasing among
those aged 70 and older. Roberts et al. (1991) compared
the prevalence of depression by age in 1965, 1974 and
1983 and found no statistically significant differences be-
tween young and middle-aged adults. However, that study
did find higher prevalences for those aged 62 years and
older (in 1965), 70 years and older (in 1974) and 80 years
and older (in 1983). According to Roberts et al. (1991), the
variation in peak depression prevalence among seniors be-
tween 1965 and 1983 could indicate that the age distribu-
tion observed in other studies is biased by a cohort effect.
Variations in psychological distress and other health
problems during adulthood have been primarily attrib-
uted to differential lifetime exposures to specific risk fac-
tors (Jorm et al. 2005; Schieman et al. 2001). Some risk
factors commonly associated with psychological distress,such as low educational level (Brault et al. 2011; Caron
and Liu 2011; Jorm et al. 2005; Schieman et al. 2001),
lack of a spouse (Brault et al. 2011; Caron and Liu 2011;
Jorm et al. 2005; Kasen et al. 2003; Schieman et al. 2001;
Yang 2007) and non-employment (Brault et al. 2011;
Chiao et al. 2009; Jorm et al. 2005; Schieman et al. 2001;
Walters et al. 2002), follow a U-shaped distribution that
matches the age distribution for psychological distress
during adulthood found in some studies. For example, in
Canada the percentage of the population having com-
pleted high school or less is higher for those aged 15–24
(34%) and 65 and older (38%) than for those aged 25–54
(10%) or 55–64 (16%) (Statistique Canada 2012). The
youngest age group includes teenagers who, as a rule, have
not yet finished high school. Those aged 65 and older
grew up at a time when high school diplomas were much
less common than they are today. Similarly, having no
spouse (i.e.,single, divorced, separated or widowed) is most
frequent among those aged 20–24 (84%), reaches mini-
mum levels between ages 35 69 (29%) and gradually in-
creases, primarily because of the death of a spouse, to 59%
between ages 75 and 79 and more than 80% after age 90
(Statistique Canada 2013). Finally, non-employment is
relatively high among those aged 15–24 (45%), drops to
19% between ages 25 and 54 and then increases to 41%
among those aged 55–64 and to 89% among those aged
65 years and older (Statistique Canada 2011). Non-
employment among younger people may be high in part
because of college or university enrolment. Older adults
generally start retiring in their sixties.
An alternative explanation for the distribution of psy-
chological distress by age is the cohort effect (Brault et al.
2011; Chiao et al. 2009; Kasen et al. 2003; Jorm 2000;
Lewinsohn et al. 1993; Mirowsky and Kim 2007; Roberts
et al. 1991; Sacker and Wiggins 2002; Yang 2007). The co-
hort effect results from generational exposure to unique
combinations of social and cultural factors, which differ-
entiate each birth cohort from previous and subsequent
generations (Susser et al. 2006). To our knowledge, only
one study (Sacker and Wiggins 2002) sought to disentan-
gle the effects that age and cohort had on the distribution
of psychological distress in the general population. The
study analysed the data pooled from two longitudinal
surveys conducted in the United Kingdom: the National
Child Development Study (NCDS) and the 1970 British
Birth Cohort Study (BCS70). The NCDS targeted people
born in one week in 1958 (n = 14 663), whereas the
BCS70 focused on those born in one week in 1970 (n = 12
597). The study by Sacker and Wiggins (2002) was re-
stricted to data collected when NCDS respondents were
23, 33 and 42 years of age and BCS70 respondents were
26 and 30 years of age. Sacker and Wiggins (2002) ob-
served significant age and cohort effects. The rate of
highly distressed individuals followed a U-shaped age
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higher rate of distress than the oldest cohort (born in
1958). The interaction between age and cohort effects was
not statistically significant.
The age and cohort effects and their interaction have
also been investigated for depression and depressive
symptoms (Brault et al. 2011; Chiao et al. 2009; Kasen
et al. 2003; Lewinsohn et al. 1993; Mirowsky and Kim
2007; Roberts et al. 1991; Yang 2007). But only the study
conducted by Brault et al. (2011) covers a broad age
range and includes several waves of data collection. It
was based on data from the Panel Study of Belgian
Households (PSBH), a longitudinal population survey
with collected data each year between 1992 and 2002
(Brault et al. 2011). The analyses were restricted to re-
spondents between 25 and 74 years of age at baseline.
Five cohorts were defined based on birth year (1918–
1927, 1928–1937, 1938–1947, 1948–1957 and 1958–
1967); cohort membership was treated as a categorical
variable and analysed with four dummy variables. Statis-
tically significant effects were found for age, cohort and
interaction between age and cohort. Unlike the findings
in studies conducted by Kessler et al. (1992), Mirowsky
and Kim (2007) and Schieman et al. (2001), Brault et al.
(2011) found that the mean level of depression symp-
toms increased slightly with age. They also noted statis-
tically significant effects for birth cohort and for
age-cohort interaction. These effects showed that the
mean level of depression symptoms was higher in more
recent cohorts than in earlier cohorts and that the ten-
dency of symptoms to increase with age was more pro-
nounced in more recent cohorts. Controlling for gender,
marital status, education, income and employment status
did not alter the cohort effect or the interaction between
age and cohort. Other studies that investigated the effects
of age and cohort on the distribution of depression
symptoms were based on selective samples, which lim-
ited the generalisability of their findings. The study by
Yang (2007) was limited to seniors (aged 65 to 95);
Chiao et al. (2009) restricted their study to those aged
60 to 69; and Kasen et al. (2003) studied only mothers
from 35 to 55 years of age.
Taken together, findings from the studies that exam-
ined the effects of age and cohort on the distribution of
psychological distress and depressive symptoms suggest
that gender differences, cohort effect and the interaction
of age and cohort effects should be taken into account if
the distribution of psychological distress during adult-
hood is to be fully understood. The main objective of
our study was to examine the effects of age and birth co-
horts on the distribution of psychological distress in
Canadian adults. More specifically, it aimed to compare
the patterns of the age and birth cohort distributions for
psychological distress in women and men and to verifyto what extent educational level, marital status and em-
ployment status account for this distribution.
Methods
Study population
This study is based on data from the National Popula-
tion Health Study (NPHS). The NPHS is a longitudinal
population survey conducted by Statistics Canada every
two years from 1994–1995 to 2010–2011 (9 waves). It
assessed the health status, lifestyle and health care prac-
tices of Canadians. The target population of the NPHS
comprised Canadians aged 12 years and older and living
in private households. At baseline (1994–1995), respon-
dents were selected using a multi-level stratified sam-
pling strategy to identify 20 095 households from which
one person was selected at random; the response rate
was 86%. Additional information regarding the design of
the NPHS can be found in Catlin and Will (1992) and
Tambay and Catlin (1995).
In this study, analyses were restricted to adult respon-
dents. Between 1994–1995 and 2010–2011, 16939 re-
spondents (women n = 9062; men n = 7877) 18 years old
and older took part in the NPHS. Among these, 1405
women and 1428 men became eligible for this study
after baseline since they reached 18 years old between
waves 2 and 9 of the NPHS. The 16 939 respondents
generated 127322 observations (women n = 69020; men
n = 58302). Over the course of the survey, one third of
adult respondents (women 32.0%; men 35.8%) were per-
manently or temporarily lost to follow-up (i.e., they
missed one wave but participated in the next wave).
Those lost to follow-up tended to have a higher mean
level of psychological distress in the wave preceding
their withdrawal than those who remained part of the
survey.
Dependent variable
Psychological distress was assessed with the K6, a scale
developed by Kessler and his colleagues and used in sev-
eral population surveys (Kessler et al. 2002; Kessler et al.
2003; Furukawa et al. 2003; Baillie 2005). The K6 is a
unidimensional scale comprising 6 items asking respon-
dents how often during the preceding 30 days they felt:
so sad that nothing could cheer them up; nervous; rest-
less or fidgety; hopeless; worthless; that everything was
an effort. Each item is scaled from 0 (none of the time)
to 4 (all of the time). The total score of psychological
distress is computed by summing the six items scores
and ranges from 0 to 24. Items with missing values were
replaced with the mean of valid items among respon-
dents with valid answers to four or five items of the K6
before computing the total distress score (rounded to
the nearest unit). Respondents with valid answers to
three items or fewer were coded as missing values for
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ranged from αCronbach = .72 to αCronbach = .84 over the 9
waves of the NPHS. The measurement and structural in-
variance of the K6 across gender was demonstrated in a
previous paper (Drapeau et al. 2010).
Independent variables
Age was analyzed as a continuous time-varying variable
and was centred at 18 years of age (i.e., 18 years = 0).
Quadratic age and cubic age were input to model the
curvilinear age distribution that has been observed for
psychological distress in other studies (Langlois and
Garner 2013; Sacker and Wiggins 2002; Schieman et al.
2001; Turcotte and Schellenberg 2007). Birth cohorts
were divided into 10-year periods except for the most re-
cent (1980 to 1995) and the earliest (1893 to 1919) co-
horts, both of which span more than a decade (15 and
26 years, respectively) in order to ensure a sufficient
number of respondents in each cohort. The successive
cohorts were coded 0 (1980 to 1995) to 7 (1893 to
1919). Three time-varying covariates were taken into ac-
count: educational level (high school or less = 2; post
high school education = 1; university diploma = 0), mari-
tal status (without spouse i.e., single, divorced, separated
or widowed = 1; with legal or common-law spouse = 0),
and employment status (not employed = 1; full-time or
part-time workers = 0). Not employed include volunteer
workers, retirees and individuals who are not in the
work market for any reasons. Employed include salaried
employees, self-employed workers and workers on sick
leave or temporarily absent from work for family reasons.
Statistical analyses
Hierarchical growth curve analyses were conducted sep-
arately for women and men to examine the effects of
age and birth cohort on the distribution of psychological
distress. Growth curve analysis is a form of multilevel
analysis for longitudinal data where data collected at
each wave (level 2) are nested in individuals (level 1)
(Rabe-Hesketh and Skrondal 2012). It is used to describe
the trajectory of a phenomenon over time by simultan-
eously taking into account the intra- and inter-individual
variation of this trajectory. The two main parameters,
the intercept (i.e., initial level) and the slope (i.e., growth
or decline rate), have two dimensions: a fixed dimension
reflecting the mean value of the parameter and a ran-
dom dimension corresponding to the individual varia-
tions around this mean. In this study, the coefficient for
age estimates the intra-individual growth rate of distress
during adulthood, the coefficient for cohort estimates
the inter-individual variation of distress over time, and
the interaction between age and cohort estimates vari-
ation in the growth rate over time. Hierarchical growth
curve analyses by gender comprise five consecutivemodels. Model 1, the null model, includes only the inter-
cept and serves to verify the presence of random vari-
ation in the trajectory of psychological distress. Model 2
includes the age variables (i.e., age, age2 and age3) and
assesses the crude effect of time on the trajectory of dis-
tress. Birth cohort is added in Model 3, and the inter-
action between age and birth cohort in Model 4. Model
5 includes the time-varying covariates (i.e., education,
marital status and employment status) and aims to verify
to what extent these covariates explain the results ob-
served in Model 4. Growth curve analyses were carried
out using the mi-xtmixed function of Stata version 13.
They were based on weighted data to control for the
non response and loss to follow-up during the NPHS.
These weights are estimated by Statistics Canada and, in
this study, they are standardized to 1 to respect sample
size. Estimated standard errors of the confidence inter-
vals were inflated by the square root of the global survey
design effect.
Before undertaking growth curve analysis, missing values
were replaced by imputed values to control for a potential
selection bias due to selective loss to follow-up and non-
response. Although growth curve analysis takes into ac-
count all valid data, the estimation of parameters can be
biased in cases of selective attrition and non-responses.
Missing values were imputed on wide- format file using
the multiple imputation method developed by Rubin
(1987). Multiple imputation produces several series of
completed data where the missing values of a variable are
replaced by values predicted by linear, ordinal or logistic
regression based on an imputation model. Statistical ana-
lyses (here, growth curve analyses) are conducted separ-
ately on each completed data set and the estimated
parameters are combined using Rubin’s rules (Rubin
1987). The imputation model must contain all variables
used in subsequent analyses. It may also contain auxiliary
variables that will not be included in the main analyses
but that will improve the precision of imputed values
(Collins et al. 2001; Enders 2010; Rubin 1996; Schafer and
Graham 2002). In this study, the imputation model in-
cluded the variables used in growth curve analyses (i.e.,
age; age2; age3; birth cohorts; interaction between age and
cohort; educational level; marital status; employment sta-
tus) and five auxiliary variables. These auxiliary variables
were selected because they correlated with psychological
distress (r > .10) and because they were assessed in all nine
waves of the NPHS. These variables are: subjective health
perception (5 categories ranging from 0 “poor health” to 4
“excellent health”); number of visits to a medical practi-
tioner (generalist or specialist) in the 12 months preceding
the survey; number of depression symptoms according to
the CIDI-Short Form; inability to perform daily activities
in the previous two weeks (index ranging from 0 to 3);
and number of chronic health problems indicated on a
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contained few missing data (ranging from 0.01% to
6.20%); missing values were replaced with the median
value observed in men and women.
The multiple imputation of missing values for psycho-
logical distress was based on the MICE (Multiple Imput-
ation by Chained Equation) algorithm implemented by
the ICE (Iterated Chained Equation) program; MICE
and ICE were both developed by Royston (Royston 2007;
Royston and White 2011). The ICE program allows the
user to specify the range of imputed values so that
they reflect plausible minimum and maximum values
(Royston and White 2011). For instance, imputed values
for psychological distress ranged from 0 (minimum score)
to 24 (maximum score) and were rounded to the nearest
unit since K6 scores do not contain decimal values. Fol-
lowing Graham et al.’s recommendations (Graham et al.
2007), twenty series of completed data sets were gene-
rated. These completed data sets comprised 23.1% of im-
puted values for women and 27.3% for men. According to
Rubin (1987), multiple imputation is problematic when
the percentage of missing values exceeds 50%. Missing
values were not imputed for respondents who ceased par-
ticipating in the survey due to death (n = 6.3%), but their
data were included in the analyses for the waves preceding
their death. The mean levels of psychological distress
based on imputed data sets were higher (women: 6.4% to
8.1%; men: 16.7% to 19.2%) than the observed mean levels,
which is consistent with the fact that respondents lost to
follow-up expressed higher mean levels of distress than
those who remained in the survey.
Ethics
This study was approved by the ethics committee of the
Institut universitaire en santé mentale de Montréal. Ac-
cess to the NPHS data was granted by the Social Science
and Humanities Council of Canada and by Statistics
Canada. Analyses were carried out at the Centre Inter-
universitaire Québécois de Statistiques Sociales (CIQSS).




Table 1 displays the means for psychological distress and
their confidence intervals by gender, age group and birth
cohort. Comparison of these confidence intervals indi-
cates that the mean level of distress is statistically higher
in women than in men (for all age groups and birth co-
horts), in younger than in older adults, and in more re-
cent than in earliest birth cohorts. In both women and
men, the highest mean level of psychological distress is
found in the 18–29 age group. The level then decreases
steadily until reaching its minimum in the 60–69 agegroup, again increasing in older groups but without
reaching the mean level observed in young adults (20 to
39). The mean level of distress decreases steadily from
the most recent birth cohort to the 1930–1939 cohort
and increases slightly thereafter.
Growth curve analyses
Table 2 displays the estimated growth curve coefficients
for women. The null model indicates that most (62.1%)
of the variation of the longitudinal distribution of
psychological distress is explained by residual intra-
individual variation. This residual variation is reduced by
11.6% with the addition of age variables in Model 2. The
estimated coefficient for age in this model indicates that
the mean level of psychological distress decreases by .03
for each additional year of age among women. The esti-
mated coefficient for age3 is statistically significant, thus
confirming the curvilinearity of the age distribution ob-
served in Table 1 and illustrated in Figure 1.
The estimated coefficient for the interaction between
age and cohort (Model 4) indicates that the effect of
age on the distribution of psychological distress de-
creases by .007 for each additional birth cohort. The
ten-fold decrease in the estimated coefficient for age in
Model 5 compared to Model 4 (Model 4: βAge = −.04;
Model 5: βAge = −.004) suggests that employment sta-
tus, marital status and educational level largely ac-
count for the effect of age observed in models 2 to 4.
Controlling for these variables also accentuates the
curvilinear nature of the age distribution (Model 4:
βAge
3 = .00001; Model 5: βAge
3 = .00002), the cohort ef-
fect (Model 4: βCohort = .19; Model 5: βCohort = .25) and
the age by cohort interaction (Model 4: βAge*Cohort = −.007;
Model 5: βAge*Cohort = −.009).
Table 3 presents the estimated growth curve coeffi-
cients for men. As is the case for women, the null model
shows that most of the variation in the longitudinal dis-
tribution of psychological distress is due to residual
intra-individual variation (63.2%). Adding age variables
in Model 2 reduces this residual variation by 9.9%. The
growth curve coefficients estimated in models 2 to 4 re-
veal both differences and similarities when compared
with the results for women.
On the one hand, unlike women, the estimated coeffi-
cient for age is not statistically significant in men. On
the other hand, akin to women, the statistically signifi-
cant coefficient for age3 confirms the curvilinear distri-
bution of psychological distress during adulthood and
the estimated coefficient for the interaction between age
and cohort indicates that the effect of age on the distri-
bution of psychological distress decreases for each add-
itional birth cohort (Model 4: βAge*Cohort = - .009). In
effect, the estimated growth curve coefficients in Model
4 are quite similar in women and men (except for the
Table 1 Mean level of psychological distress by age group and birth cohort
Birth cohort Men (n = 7877) Women (n = 9062) Age group Men (n = 7877) Women (n = 9062)
1980 to 1995 3.21 (2.96 – 3.46)a 4.15 (3.85 – 4.46) 18 to 29 3.20 (3.05 – 3.35) 4.01 (3.84 – 4.19)
1970 to 1979 3.16 (2.97 – 3.35) 3.79 (3.60 – 3.98) 30 to 39 2.86 (2.71 – 3.01) 3.36 (3.22 – 3.51)
1960 to 1969 2.77 (2.63 – 2.91) 3.22 (3.08 – 3.36) 40 to 49 2.59 (2.45 – 2.73) 3.13 (2.99 – 3.26)
1950 to 1959 2.52 (2.38 – 2.67) 3.13 (2.99 – 3.28) 50 to 59 2.36 (2.22 – 2.50) 2.96 (2.81 – 3.12)
1940 to 1949 2.28 (2.14 – 2.42) 2.85 (2.69 – 3.01) 60 to 69 2.12 (1.96 – 2.29) 2.68 (2.51 – 2.85)
1930 to 1939 2.05 (1.87 – 2.23) 2.71 (2.54 – 2.88) 70 to 79 2.10 (1.88 – 2.32) 2.74 (2.55 – 2.93)
1920 to 1929 2.23 (2.00 – 2.47) 2.91 (2.68 – 3.14) 80 and older 2.48 (2.11 – 2.86) 3.16 (2.86 – 3.47)
1892 to 1919 2.39 (1.97 – 2.81) 3.11 (2.77 to 3.46)
aConfidence intervals at the 0.95 level adjusted for the survey design effect.
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women, controlling for employment status, marital sta-
tus and educational level (Model 5) increases the esti-
mated coefficients for birth cohort and the interaction
between age and cohort in men.
In order to verify the potential impact of multiple im-
putation on the results, growth curve analyses were re-
peated using observed data (women = 52897; men =
42268). Table 4 compares the results of Model 4 based
on completed and observed data in women and men.
The estimated growth curve coefficients point in the
same direction in completed and observed data but they
are smaller in completed than in observed data. As a
consequence, three coefficients not statistically signifi-
cant in completed data are significant in observed data
(women: age2; men: age and birth cohort). The percent-
age of residual intra-individual variance is slightly larger
in completed data (women: 50.5%; men: 53.1%) than in
observed data (women: 48.2%; men: 49.1%).
Post-hoc analyses
Post-hoc descriptive analyses and exploratory growth
curve analyses were conducted to clarify the effects that
employment status, marital status and educational level
had on the estimated coefficients for age and cohort. See
Additional file 1: Table S1A to S6A display the distribu-
tion of employment status, marital status and educa-
tional level and the mean level of distress for each
category of these variables by age group and gender.
These data show notable gender differences.
In women, the proportion of not employed is slightly
higher in the 18–29 age group (.27) over the course of
the NPHS than in the 30–49 age group (.22 to .25)
and it is highest in seniors (60 and older: .71 to .87)
(Additional file 1: Table S1A). Non-employment appears
to be a risk factor for psychological distress for women
aged 18 to 59 but a protective factor for those aged 70
and older (Additional file 1: Table S1A). As is the case
for women, the proportion of not employed in men is
slightly higher in the 18–29 age group (.24) than in the
30–49 age group (.15 to .22) and it is highest in seniors(60–69: .54; 70 and older: .80 to .84) (Additional file 1:
Table S2A). Non-employment is a risk factor for psycho-
logical distress for men aged 18 to 59 but a protective
factor for those aged 80 and older (Additional file 1:
Table S2A) compared to 70 and older in women.
Being without a spouse is more frequent in the
youngest (18–29: .75) and oldest (80 and older: .80) age
group than in other adult women (30–79: .33 to .56)
(Additional file 1: Table S3A). It is a risk factor for psy-
chological distress in all age groups except in seniors
aged 80 and over (Additional file 1: Table S3A). In men,
the proportion of individuals without spouse is also
highest in the youngest age group (18–29: .84) and lower
in other age groups (30 and older: .23 to .43). Unlike
women, it is a risk factor for psychological distress in all
age groups (Additional file 1: Table S4A).
The proportion of women with a high school diploma
or less is higher in the 18–29 age group (.68) than in the
30–59 age group (.56 to .63) and it is highest in seniors
(60 and older : .73 to .85) (Additional file 1: Table S5A).
A low level of education is a risk factor for psychological
distress in all age groups in women (Additional file 1:
Table S5A). The proportion of men with a high school
diploma or less is higher in the 18–29 age group (.74)
and in seniors (70 and older: .75 to .79) than in the 30–
69 age group (.55 to .66) (Additional file 1: Table S6A).
Contrary to women, a low educational level is a risk fac-
tor only in young men (18–39).
Findings from exploratory growth curve analyses in
women (Table 5) suggest that the substantial decline in
the estimated coefficient for age in Model 5 (β = −.004)
compared to Model 4 (β = −.04) may have been caused
by the interactions between age and employment status
and between age and marital status that were not taken
into account in Model 5. These statistically significant
interactions indicate that the effect of age on the distri-
bution of psychological distress is lower in not employed
women than in employed, and in single, divorced, sepa-
rated or widowed women than in those with a spouse.
The slight increase in the estimated coefficient for birth





















Figure 1 Predicted mean level of psychological distress
(Model 2: Age + Age2 + Age3).
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http://www.biomedcentral.com/2050-7283/2/25(β = .25) appears to be attributable to the direct effect of
marital status and to the interaction of employment sta-
tus and birth cohort. The estimated growth curve coeffi-
cient for this interaction indicates that the effect of birth
cohort on the distribution of distress is higher in not
employed women than in those employed (Table 5).
Findings from exploratory growth curve analyses in
men (Table 6) suggest that employment status, marital
status and education level, taken in combination rather
than individually, account for the two-fold increase in
the coefficient for birth cohort in Model 5 (β = .23) com-
pared to Model 4 (β = .12). At first glance (Table 6 –
Model 5f ), this increase seems mostly attributable to the
interaction of marital status and birth cohort: the effect
of birth cohort on the distribution of psychological dis-
tress appears to be lower single, divorced, separated and
widowed men than in those with a spouse. However, this
interaction is no longer statistically significant when em-
ployment status and education are taken into account
(Model 5h).
Discussion
Effect of age and birth cohort on the distribution of
psychological distress
The main objective of this study was to examine the dis-
tribution of psychological distress during adulthood in
women and men. Findings from this study reveal minor
gender differences in the distribution of distress among
Canadian adults when age and birth cohort are examinedTable 2 Estimates of growth curve coefficients – women (n =












Intercept (between) 4.51 6.96
Slope (between) .004
Residuals (within) 7.39 7.09
ICCa
Intercept (between) .379 .495
Residuals (within) .621 .505
*< .05; **< .01; ***< .001.
aICC: Intra-class correlation coefficient.jointly using growth curve analyses. In women, the
mean level of distress decreases steadily during adult-
hood beginning at age 18 and evidences a slight curvilin-
ear distribution. In men, the mean level of psychological
distress seems to follow a bimodal distribution: it remains
relatively stable in the twenties and decreases steadily
thereafter before increasing after age 80. However, when
the interaction between age and cohort is taken into
account, the distribution of psychological distress dur-
ing adulthood is quite similar in women and men. In
addition, the curvilinear or bimodal distribution ob-
served in women and men is hardly noticeable since9062)















Table 3 Estimates of growth curve coefficients – men (n = 7877)
Model 1 Model 2 Model 3 Model 4 Model 5
Fixed effects
Intercept 2.65*** 3.21*** 3.35*** 3.21*** 2.29***
Age -.007 -.001 -.014 .013
Age2 -.001** -.001** -.0002 -.0008
Age3 .00002*** .00002*** .00002*** .00002***
Cohort -.14** .12 .23**





Intercept (between) 3.43 4.94 4.94 4.94 4.93
Slope (between) .004 .004 .004 .004
Residuals (within) 5.89 5.63 5.63 5.63 5.63
ICCa
Intercept (between) .368 .467 .467 .467 .467
Residuals (within) .632 .533 .533 .533 .533
*< .05; **< .01; ***< .001.
aICC: Intra-class correlation coefficient.
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cubic age are very small.
Data regarding the shape of the age distribution for
psychological distress in adults are scarce and come al-
most exclusively from cross-sectional surveys (Jorm
et al. 2005; Schieman et al. 2001; Turcotte and Schellenberg
2007). The present study was based on a national longitu-
dinal survey for which data were collected every two years
between 1994–1995 and 2010–2011 (9 waves). The sample
under study covered a broad age range (18 years old andTable 4 Estimates of growth curve by gender (completed vs.
Women
Completed data Observ











*< .05; **< .01; ***< .001.
aNumber of observations.
bICC: Intra-class correlation coefficient.older) and spanned several birth cohorts (1892 to 1995).
These methodological features allowed conducting a more
in-depth investigation of the distribution of psychological
distress during adulthood than has been the case in
previous studies.
The cross-sectional studies conducted by Schieman
et al. (2001) and Turcotte and Schellenberg (2007) also
covered a broad age range and provided evidence bear-
ing on the curvilinear distribution of psychological dis-
tress during adulthood. Schieman et al. (2001) targetedobserved data)
Men
ed data Completed data Observed data









Table 5 Exploratory analyses - estimates of growth curve coefficients – women (n = 9062)
Model 5a Model 5b Model 5c Model 5d Model 5e Model 5f Model 5 h
Fixed effects
Intercept 3.86** 3.84*** 3.51*** 3.53** 3.40*** 3.13*** 2.69***
Age -.04* -.03* -.03 -.02 -.02 .01 .02
Age2 -.0001 .0001 -.0003 -.0003 -.0004 -.0011* -.0011*
Age3 .00001*** .00001*** .00001*** .00002*** .00002*** .00002*** .00002***
Cohort .21* .20* .16 .07 .25** .21* .25**
Cohort *Age -.008* -.012*** -.007** -.007** -.008** -.008** -.012***
Not employed .15* .23* .21
Employment *Age -.03*** -.03***
Employment *Cohort .30** .30**
Low education .24*** .22** .20***
Education *Age -.006
Education *Cohort .07
Without spouse .55*** .83*** .83***
Marital status *Age -.02** -.02**
Marital status *Cohort .10
Random effects (variance)
Intercept (between) 6.96 6.89 6.91 6.90 6.82 6.77 6.62
Slope (between) .004 .004 .004 .004 .004 .004 .004
Residuals (within) 7.09 7.09 7.09 7.09 7.08 7.07 7.07
ICCa
Intercept (between) .495 .493 .494 .493 .491 .489 .495
Residuals (within) .505 .507 .506 .507 .509 .511 .505
*< .05; **< .01; ***< .001.
aICC: Intra-class correlation coefficient.
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http://www.biomedcentral.com/2050-7283/2/25individuals aged 18–89 and grouped them into ten-year
age categories. They found that the mean level of dis-
tress was higher among young adults (18–29 years),
reached its lowest level in the 60–69 group, and then in-
creased among those aged 70 and older. The study by
Turcotte and Schellenberg (2007) compared the health
of seniors and younger adults. It grouped respondents
into four age ranges: 25–54, 55–64, 65–74 and 75 and
older. Turcotte and Schellenberg (2007) observed a de-
cline in the mean level of distress that bottomed out
with the 65–74 age group, then increased among re-
spondents aged 75 and older. Findings from our study
generally agree with those of Schieman et al. (2001) and
Turcotte and Schellenberg (2007). But they also indicate
that the distribution of psychological distress may be
more bimodal than curvilinear among adult males.
Findings from our study also partly agree with the gen-
der differences highlighted by Jorm et al. (2005). That
study examined the age distribution for psychological dis-
tress in Australians aged 20–24, 40–44 and 60–64. It
found that, among men, the mean level of distress was
similar in the younger age groups (20–24 and 40–44) andlower in the oldest group (60–64). By contrast, distress
levels among women diminished steadily between 20 and
64. In the present study, the mean level of distress in
Canadian women was found to decrease steadily during
adulthood and to reach its lowest point in the 60–69 age
group, but among Canadian men the decrease was pre-
ceded by a plateau of high distress in the 18–29 age group.
The age range (20–64) of the sample investigated by Jorm
et al. (2005) was not large enough to reveal a putative in-
crease in psychological distress in seniors as observed in
the present study.
Finally, findings from our study concur to some extent
with those of Sacker and Wiggins (2002) based on a
small age range (23–42) and two birth cohorts (1958
and 1970). Sacker and Wiggins (2002) found that the
rate of psychological distress was higher in the most re-
cent cohort than in the earliest cohort. A similar cohort
effect on the distribution of psychological distress was
noticed in Canadian adults when the interaction be-
tween age and cohort was taken into account.
Several authors have hypothesized that the age distribu-
tion observed for psychological distress may be confounded
Table 6 Exploratory analyses - estimates of growth curve coefficients – men (n = 7877)
Model 5a Model 5b Model 5c Model 5d Model 5e Model 5f Model 5 h
Fixed effects
Intercept 3.10*** 3.05*** 2.84*** 2.74*** 2.69*** 2.59*** 2.12***
Age -.010 -.006 -.006 -.003 .002 -.001 .020
Age2 -.0003 -.0003 -.0004 -.0005 -.0005 -.0003 -.0010*
Age3 .00002*** .00002*** .00002*** .00002*** .00002*** .00002*** .00002***
Cohort .16 .17 .12 .15 .19* .32*** .27**
Cohort *Age -.011*** -.012*** -.002*** -.009*** -.010*** -.010*** -.012***
Not employed .24*** .41** .38**
Employment *Age -.02* -.01
Employment *Cohort .17
Low education .19*** .25** .16***
Education *Age -.0003
Education *Cohort -.024
Without spouse .50*** .62*** .63***
Marital status *Age .02
Marital status *Cohort -.20* -.06
Random effects (variance)
Intercept (between) 4.96 4.93 4.95 4.95 4.93 4.93 4.91
Slope (between) .004 .004 .004 .004 .004 .004 .004
Residuals (within) 5.62 5.62 5.62 5.62 5.62 5.62 5.61
ICCa
Intercept (between) .469 .467 .468 .468 .467 .467 .467
Residuals (within) .531 .533 .532 .532 .533 .533 .533
*< .05; **< .01; ***< .001.
aICC: Intra-class correlation coefficient.
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http://www.biomedcentral.com/2050-7283/2/25by a cohort effect (Brault et al. 2011; Chiao et al. 2009;
Kasen et al. 2003; Jorm 2000; Lewinsohn et al. 1993;
Mirowsky and Kim 2007; Roberts et al. 1991; Sacker
and Wiggins 2002; Yang 2007). Thus, for instance,
young adults might express a higher mean level of dis-
tress than older adults not only because they are ex-
posed to more risk factors or because they are more
vulnerable to those risk factors, but, at least partly, be-
cause they were born at a time when these factors were
more prevalent or potentially more harmful. In the
present study, the effect of age on the distribution of
psychological distress was not confounded by the effect
of cohort but it was moderated by the latter.
Effect of covariates on the age distribution of
psychological distress
Findings from this study show that controlling for em-
ployment status, marital status and educational level
produce a ten-fold decrease in the effect of age on the
distribution of psychological distress in women and a
two-fold increase in the effect that birth cohort has on
the distribution of distress in men. Exploratory growthcurve analyses suggest that, in women, the effect of age
is lower among the not employed and among individ-
uals without spouses and the effect of cohort is higher
among the not employed. Among men, the effect of
age is also lower among the not employed; whereas the
effect of cohort is lower in individuals without spouses.
However, the interactions between age and employ-
ment status and between birth cohort and marital sta-
tus are no longer statistically significant in men when
employment status, marital status and education are
taken into account together.
Several studies have shown that non-employment
(Marchand et al. 2012; Matthews et al. 2001; Talala et al.
2007; Walters et al. 2002), being without a spouse
(Marchand et al. 2012; Matthews et al. 2001; Talala et al.
2007) and low educational level (Mandemakers and
Monden 2010; Talala et al. 2007; Walters et al. 2002) are
associated with psychological distress. To our know-
ledge, no studies have compared the effect of these
variables on psychological distress in different age
groups. Findings from this study indicate that non-
employment may be a risk factor for women and men
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http://www.biomedcentral.com/2050-7283/2/25in the 18–59 age group but not in older adults. In con-
trast, low educational level tends to remain a risk factor in
all adulthood in women whereas, in men, its deleterious
effect is confined to the 18–39 age group. Additional
research is needed to better understand the complex
interplay between psychological distress and the con-
textual variation in non-employment, lack of a spouse
and low educational level during adulthood in women
and in men.Limitations
The main limitation of this study is the small number
of cohorts in each age group, especially at the extrem-
ities of the age distribution. The youngest (18–29) and
the oldest (80 and older) age group each cover three
birth cohorts whereas the other age groups each cover
four birth cohorts. A second limitation is that the in-
teractions examined in exploratory growth curve ana-
lyses (i.e., age and birth cohort by employment status,
marital status and education) were not included in the
imputation model. Rubin (1987) and others recom-
mend that all variables used in subsequent analyses be
part of the imputation model. Given that there are nine
waves of data collection in the NPHS and that multiple
imputation was performed on a wide-format file, these
interactions required the creation of 54 variables. The
addition of these variables to an imputation model that
already contains more than 100 variables could not be
managed by the ICE program. A third limitation is that
employment status, marital status and education were
each defined by a single variable. In consequence, it
cannot be determined which dimensions of these vari-
ables is responsible for the age, cohort and gender dif-
ferences observed in the exploratory growth curve
analyses. Finally, as in other longitudinal studies that
span a long period, the birth cohort observed in this
study cannot be distinguished from a putative period
effect.Conclusion
Age and gender are useful risk markers because they
shift the focus of epidemiological research and public
health programs towards risk and protective factors
that are more prevalent in certain age groups and in
women or men (World Health Organization 2005).
Findings from our study indicate that the risk of psy-
chological distress, which is higher for younger adults
than for older adults and for women than for men in
all age groups, may be related to the changing features
of employment status, marital status and educational
level during adulthood. Additional research is needed
to identify which of these features have the highest
prevalence in younger adults, women and men.Additional file
Additional file 1: Table S1A. Distribution of employment status and
mean level of distress by age group. Women (n = 9062; 69020
observations). Table S2A. Distribution of employment status and mean
level of distress by age group, Men (n = 7877; 58302 observations). Table
S3A. Distribution of marital status and mean level of distress by age group.
Women (n = 9062; 69020 observations). Table S4A. Distribution of marital
status and mean level of distress by age group Men (n = 7877; 58302
observations). Table S5A. Distribution of educational level and mean level
of distress by age group – Women (n = 9062; 69020 observations).
Table S6A. Distribution of educational level and mean level of distress
by age group – Men (n = 7877; 58302 observations).
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